The island spotted skunk (Spilogale gracilis amphiala), an insular endemic carnivore, recently increased unexpectedly from rarity to abundance on Santa Cruz Island, California. Two explanations have been proposed for this striking increase: competitive release due to decline of the island fox (Urocyon littoralis santacruzae) and vegetative recovery due to removal of feral livestock. To examine the causes and consequences of the increase, we assessed abundance, body mass, home-range size, spatial resource use (den sites and habitat use), temporal resource use, and diet of island spotted skunks during abundance in 2003-2004 and compared it with similar measures during rarity in 1992. Capture success of skunks increased exponentially from 1992 to 2004 (r ¼ 0.38), leading to extraordinarily high densities (9-19 individuals/km 2 ). Both body mass and home-range size remained unchanged, suggesting that per capita resource abundance was not higher in 2003-2004 compared to 1992. We found modest shifts in habitat use, diet, and possibly diurnal activity, providing some support for release from exploitative competition as an explanation for the increase. However, there was a marked shift in den selection, toward unprotected dens and away from multiple use, that is not likely attributable to either release from exploitative competition or to island recovery. Thus, our results suggest that, although both of these processes have likely played a role, release from interference competition also may be a factor behind the dramatic increase in number of skunks. Skunks on Santa Cruz Island may be nearing or even exceeding carrying capacity, and the future of the population and its effects on the endangered island fox remain unclear.
Islands are of particular conservation value because they tend to support disproportionately high levels of endemism (Ceballos and Brown 1995; Courchamp et al. 2003) . Further, islands are of great conservation concern because of heightened vulnerability at both the species and community levels. Insular endemic species are extinction-prone because of their highly limited geographic ranges and increased susceptibility to exotic species (Purvis et al. 2001 ). In addition, islands typically are depauperate in their biota because of isolation, resulting in reduced community resilience to novel disturbances (Courchamp et al. 2003; Lomolino et al. 2005; Simberloff 1986 ). Although populations in isolated insular communities tend to be particularly stable (Adler and Levins 1994) , their sensitivity to novel perturbations can lead to dramatic population fluctuations across the community (e.g., North et al. 1994) .
Islands are often lacking in mammals, especially carnivores (Alcover and McMinn 1994; Lomolino et al. 2005) ; hence, Santa Cruz Island, off the coast of California, is unusual in supporting 2 insular endemic carnivores, the island spotted skunk (Spilogale gracilis amphiala) and the island fox (Urocyon littoralis santacruzae). The island spotted skunk is endemic at the subspecific level and exists exclusively on 2 of the 8 Channel Islands, Santa Cruz and Santa Rosa. Previous accounts indicate that the skunk was rare on Santa Cruz Island throughout much of the 1900s (Crooks 1994a; Laughrin 1977; Sheldon 1990 ); however, between 1992 and 1999 capture success of skunks, assumed to be a good index of population size (Roemer et al. 2002) , increased dramatically and unexpectedly (Crooks and Van Vuren 2000; Roemer et al. 2002) . Two explanations have been proposed for this striking increase: competitive release due to a decline in island foxes (Crooks and Van Vuren 2000; Roemer et al. 2002) and island vegetative recovery due to removal of feral livestock (Crooks and Van Vuren 1994 , 1995 , 2000 .
Concurrent with the increase in the population of skunks, the population of island foxes declined from approximately 1,300 individuals in 1993 to an estimated 133 in 1998 (Roemer et al. 2001) ; the decline has been attributed to hyperpredation by golden eagles (Aquila chrysaetos) that colonized during the early 1990s (Roemer et al. 2001) . Research in 1992 indicated that there was significant niche overlap on multiple axes between the foxes and skunks, with the fox likely the dominant competitor (Crooks and Van Vuren 1995) . Exploitative competition, where 1 competitor is more efficient at utilizing limited resources than another, is common between carnivores as between many other taxa. However, interference competition, in which 1 species limits or prevents access of the other to shared resources, also is known to be particularly fierce among carnivores (Creel et al. 2001; Dayan and Simberloff 1998) . Thus, the drastic decline of the island fox may have precipitated the concomitant population growth of the island spotted skunk via competitive release.
Along with the decline in island foxes, Santa Cruz Island simultaneously experienced widespread vegetative recovery following removal of exotic livestock. Since the 1860s, the island supported feral sheep at exceptionally high densities (Van Vuren and Coblentz 1989) , resulting in the largescale destruction of tree-and shrub-dominated communities (Brumbaugh 1980; Van Vuren and Coblentz 1989; Wehtje 1994) . During the 1980s, 37,000 sheep were removed, leaving 90% of the island sheep-free (Schuyler 1993) , and all domestic cattle (approximately 1,500) were removed as well (Brenton and Klinger 1994) . A prolonged drought from 1987 through 1991 delayed vegetative recovery (Brenton and Klinger 1994; Klinger et al. 1994 ), but regrowth of woody vegetation accelerated thereafter. During the 1990s, communities such as coastal sage scrub and pine (Pinus muricata) forest expanded into areas formerly dominated by annual grasslands, and there was an obvious increase in both low-growing woody vegetation and herbaceous biomass across habitats (D. H. Van Vuren and P. T. Schuyler, in litt.) . Spotted skunks are often associated with habitats dominated by woody vegetation (Kinlaw 1995; Verts et al. 2001) and areas that provide cover (Carroll 2000; Kinlaw 1995; Rosatte and Lariviere 2003) . In addition, island spotted skunks are considered carnivorous, consuming primarily deer mice (Peromyscus maniculatus) and insects (Crooks and Van Vuren 1995) ; deer mice on Santa Cruz Island are abundant only in habitats dominated by woody vegetation (Mayfield et al. 2000) . Thus, regrowth of trees and shrubs may have facilitated the population increase of skunks by improving habitat quantity and quality and prey availability.
Our general objective was to evaluate the causes and consequences of the dramatic increase in spotted skunks on Santa Cruz Island by investigating their ecology during abundance in 2003-2004 and comparing it with that during rarity in 1992 (Crooks 1994a (Crooks , 1994b Crooks and Van Vuren 1995) . We assessed abundance, body size, home-range size, spatial resource use (den sites and habitat use), temporal resource use, and diet. Both proposed causes for the population increase are based on increased resource availability, so we expected an improvement in body condition, as reflected by increased body mass. However, if density had reached the point of intense intraspecific competition, we would expect no change in body mass. With increased resource availability, we also expected home ranges of skunks to decrease in size, as is common for many vertebrates (Boutin 1990; Mares and Lacher 1987) . Finally, we expected that, if competitive release was the cause of the increase, skunks would either shift or broaden their niches along 1 or more axes for which there is overlap with the island fox (Crooks and Van Vuren 1995) . In contrast, because island recovery has produced a general increase in habitat quantity and quality, we expected no major shift in resource utilization if this was the cause of the increase.
MATERIALS AND METHODS
Study area.-Santa Cruz Island (34809N, 1198459W) is located 40 km off the mainland coast south of Santa Barbara, California. The island is approximately 39 km long and varies from 3 to 11 km wide, with a total area of roughly 250 km 2 . The climate is maritime Mediterranean, with pronounced dry (May-November) and wet (December-April) seasons. Research was conducted from August 2003 through September 2004 at 2 sites on the island: Valley Anchorage (VA) and Willows Drainage (WD). The VA site (3.7 km 2 ) lay at the eastern end of the island's Central Valley and was characterized by chaparral, coastal sage scrub, and open grassland. The WD site (4.1 km 2 ) was on the south side of the island in Willows drainage and had steeper topography with more barren slopes, significant chaparral and open grassland, and very little coastal sage scrub. These sites differed from those used by Crooks and Van Vuren (1995) because of logistical constraints.
Trapping and radiotelemetry.-Skunks were live-trapped in Tomahawk single-door box traps (Tomahawk Live Traps Co., Tomahawk, Wisconsin) baited with commercial cat food and On Target fruit paste lures (On Target, Cortland, Illinois) during August 2003 -February 2004 and August-September 2004 . Trapped individuals were ear-tagged and weighed, sex was determined, and age was estimated based on tooth wear as adult, juvenile (,1 year), or questionable. Forty animals were anesthetized with ketamine hydrochloride (20 mg/kg) and fitted with Holohil radiocollars (12 g for females; 15 g for males; Holohil, Carp, Ontario, Canada); collars never exceeded 5% of body weight. Captured animals were released immediately after processing at the point of capture, except for anesthetized individuals, which were returned to their trap until fully recovered before release. All fieldwork was carried out humanely in accordance with guidelines of the American Society of Mammalogists (Gannon et al. 2007 ) and those of the Institutional Animal Care and Use Committee at the University of California. The study was conducted under a Memorandum of Understanding between the California Department of Fish and Game and the University of California, Davis (expiration 31 December 2007).
Because skunks are nocturnal (Crooks and Van Vuren 1995) , telemetry for location triangulations was conducted primarily in the hours between dusk and dawn, with each study site visited on alternate nights. We used 3-5 bearings taken within 20 min for each location, with at least 4 h between locations for a given individual to minimize autocorrelation (Swihart et al. 1988) . Locations were subsequently plotted using the program LOAS (Biotas 2003), and we discarded any locations with an error ellipse greater than 4 ha (roughly 10% of their home-range size in 1992- Crooks and Van Vuren 1995) . We tested our telemetry system by blindly triangulating locations on stationary targets, then using homing to determine true location. Our system had a mean linear error of 78.7 m (n ¼ 65, SD ¼ 106.8 m, median ¼ 54.2 m) and a mean bearing error of 8.28 (n ¼ 236, SD ¼ 8.58). Telemetry for temporal resource use was conducted throughout all times of day and night.
Abundance.-Capture success during 2003-2004 was measured as the percent of captures of skunks based on total trapnights. Traps that either had the bait stolen or were closed but empty were excluded from the total trap-night count. Data on previous trap success were available from 1992 (0.57%-Crooks 1994a), 1993 (0.8%- Roemer et al. 2002 ), 1998 (3.8%-Crooks and Van Vuren 2000 , and 1999 (13.9%- Roemer et al. 2002) . Although trapping methodology varied among studies, there were pairs of data points with nearly identical methods (1992 and 2003-2004, 1993 and 1999) , and the magnitude of the change was such that we do not believe trapping methodology was a primary cause. Initial reports of the increase suggested exponential growth (Crooks and Van Vuren 2000; Roemer et al. 2002) , so we fit an exponential growth model (ln(N/No) ¼ kt) to measures of capture success of skunks in Sigmaplot 2004 (version 9.0; Systat Software, Inc., Richmond, California). We also estimated density at each study site by calculating the total number of individual adults captured divided by study site area.
Body size.-We calculated mean weight of adults for each sex seasonally, with data pooled between sites, because neither males nor females differed significantly (t , , we accounted for the fact that some individuals were captured in only 1 season whereas others were trapped in both by applying a fully factorial general mixed model, which we conducted through the restricted maximumlikelihood method in SAS Proc Mixed (version 9.1; SAS Institute Inc., Cary, North Carolina). Satterwaite's approximation was used to calculate degrees of freedom. Individual identity and its interactions (nested within sex) were included as random effects. Because of unequal variances, we weighted samples by estimated reciprocal variance (Neter et al. 1996) . We utilized differences of least-square means with a Bonferroni correction to specifically compare sexes and seasons.
To compare weights of skunks between 1992 and 2003-2004, we used only our wet season data because all but 1 of the weights recorded by Crooks (1994a) were limited to the wet season. For each sex we carried out a 1-way analysis of variance in JMP (version 4.0; SAS Institute Inc.).
Home-range size.-Home ranges, both annual and seasonal, were delineated by a minimum of 25 locations ( " X ¼ 29, range: 25-36), derived from telemetry locations, den sites, sightings, and trap locations. We calculated both 100% minimum convex polygons (MCPs) and 95% fixed kernel home ranges (using least-squares cross-validation) in ArcView Animal Movements Extension (Hooge and Eichenlaub 2000) . We chose the fixed kernel method instead of the adaptive kernel method used in 1992 (Crooks and Van Vuren 1995) because it generally provides a better surface fit with lower bias (Seaman and Powell 1996; Seaman et al. 1999) . We designed a model to evaluate the effects of sex, season, and site on 2003-2004 seasonal home-range size for both 95% fixed kernel and MCP. To account for the fact that some individuals had sufficient locations to be included in only 1 season, whereas others were included in both, we applied a fully factorial general mixed model, which we conducted through the restricted maximumlikelihood method in SAS Proc Mixed (version 9.1; SAS Institute Inc.). Satterwaite's approximation was used to calculate degrees of freedom. Individual identity and its interactions (nested within sex and site) were included as random effects. Because of unequal variances, we weighted samples by estimated reciprocal variance (Neter et al. 1996) . We employed differences of least-square means utilizing Bonferroni corrections to look at specific comparisons of home-range size among sexes, seasons, and sites.
To assess differences between study periods (1992 versus 2003-2004) in MCP home-range size, we utilized a t-test in JMP (version 4.0; SAS Institute Inc.). Because mean homerange size in 1992 was based on both sexes combined and only during the wet season, we used our wet season home ranges, pooled across sites and sexes, for comparison.
Spatial resource use: den-site selection.-We used homing to track radiocollared individuals to their dens, considered to be any site where the individual was resting or stationary during the day. Once a den was located, we checked for the presence of other radiocollared individuals. Individuals were considered to be simultaneously sharing a den if they were in the same burrow or under the same structure (e.g., bush or rock pile) within 5 m at the same time and to be sequentially sharing if use of the den occurred on different days. Dens were classified into 5 types based upon modifications of Crooks' (1994b) categories (Table 1 ). In addition, den exposure was categorized as Protected (underground or inside a tree trunk), Exposed (aboveground but not inside a trunk), or Unknown. ''Unknown'' classifications were situations in which steep terrain, dense vegetation, or concern over disturbance prevented sufficient visibility for classification. Dens in the Man-made category were excluded from the exposure analysis because of difficulty in categorization.
Crooks' (1994b) data were reanalyzed using our new categories. Because all of our dens were located via telemetry, we disregarded dens that Crooks located visually (e.g., the ''Road cut'' category). To assess differences between study period in den-sharing and den-type selection, we used likelihood-ratio chi-square tests in JMP (version 4.0; SAS Institute Inc.). Because of high frequency of the Unknown category, change in proportion of exposed dens between study periods could not be compared statistically.
Spatial resource use: habitat use.-We determined habitat characterizations (based on Junak et al. 1995) for each site from digitized aerial photographs taken in April 2005, and we checked results by ground-truthing. Five vegetative associations were designated at VA and 4 at WD (Table 2) . We used 2 methods of habitat analysis. First, because it is now considered a superior technique (Erickson et al. 2001 ), we conducted a compositional analysis with individual use-availability proportions as the sampling unit (Aebischer et al. 1993 ) using the software package Resource Selection for Windows (Leban 1999) . Zero values in the matrix were replaced with 0.01 (Aebischer et al. 1993) ; the results seemed robust to changes in this value. We assessed individual habitat availability from home ranges, and used the same locations (trapping, telemetry, sightings, and den sites) to determine habitat use. Second, to allow comparison with 1992 findings (Crooks and Van Vuren 1995) , we conducted a chi-square goodness-of-fit test of use versus availability with Bonferroni-corrected confidence intervals (Byers et al. 1984; Neu et al. 1974) . Following Crooks and Van Vuren (1995) , we drew an MCP around pooled locations of all individuals to determine habitat use and availability at each site for each season. Because of habitat-based bias in trapping effort (which only became important when pooled across individuals), we eliminated trap locations from this 2nd analysis. The effects of study period could only be assessed qualitatively; differences between the studies in study sites and the type and availability of vegetative associations prevented assessment of changes in specific habitat preferences. The same problems would have been present even if we had utilized the same study sites as in 1992, because of regrowth of vegetation in the interim.
Temporal resource use.-We used telemetry signal modulation to determine whether individuals were active or inactive (Cochran and Lord 1963) . Thus, activity could reflect highly localized movement or shifting within dens as well as movement across the landscape. Activity was assessed over the full 24-h period, with data pooled across site and season for analysis. In a given day, only the 1st assessment per individual within any hourly period was used. We investigated daily activity patterns by calculating the percentage of locations per time interval in which individuals were active. The day was divided into Dawn (within a half hour of sunrise), Dusk (within a half hour of sunset), Daytime, and Nighttime.
To assess the effects of sex on activity patterns in 2003-2004, we applied a generalized linear mixed-model algorithm through the residual pseudolikelihood method in SAS PROC GLIMMIX (version 9.1; SAS Institute Inc.) because our response variable, activity, was binomial and sample sizes differed among individuals and time periods. Individual identity and its interaction with activity (nested within sex) were designated as random effects, and the containment method was used to calculate degrees of freedom. We used Bonferronicorrected differences of least-square means to specifically compare the sexes in each time period. Because of small sample sizes in the Dawn period, we also ran the model separately, excluding Dawn, to look at the effects of sex and season on activity patterns.
We restricted the comparison of activity patterns between study periods to wet season females, because all but 2 of the data points from 1992 for the Dawn and Dusk periods were from females, and all but 1 of the 1992 data points from females were from the wet season. In addition, Daytime data were excluded from the analysis due to differences in methodology. We 1st recategorized the data of Crooks and Van Vuren (1995) into our time intervals. We then assessed the effects of study period on wet-season activity of females using the Diet.-We collected skunk scats from traps and dens. Scats collected from traps that consisted largely of bait were disregarded. Dens of island spotted skunks are often used repeatedly and by .1 individual (Crooks 1994b) , sometimes resulting in significant accumulation of scats at den entrances. Skunk scats typically consist of 2 segments; when collecting at dens, we matched segments representing a single deposit whenever possible. When this was not feasible, we collected all scat segments present at a given den in a single bag and then selected a subset of segments at random for content analysis. Only 1 sample for every 10 in the bag was selected. Because the unit of analysis for our ''mixed'' scats was thus a single scat segment, we also included only 1 randomly selected half of each whole ''individual'' sample in our statistical dietary analysis. Both segments of ''individual'' samples were analyzed for content, however, to determine if this approach introduced any systematic bias. Scats were processed as described by Crooks and Van Vuren (1995) , with data scored as percent occurrence of each food type (i.e., the percentage of scats containing a given food item). Vertebrates were identified to class, and invertebrates to order. Plant matter that appeared to be incidentally consumed was not included in the analysis.
Analysis of the effects of using single segments versus paired segments representing a whole deposit suggested no bias, so we carried out our main models as follows in SAS (version 9.1; SAS Institute Inc.). First, we looked for the effects of site and season on diet of island skunks in 2003-2004 using a generalized linear model with maximum-likelihood estimation (PROC GENMOD), using a binary distribution with a logit link. We ran 2 separate analyses to look at patterns within 3 broad dietary categories (vertebrate, invertebrate, and plant) and within 11 specific food types (3 vertebrate groups, 6 invertebrate orders, other assorted invertebrates, and plants).
We utilized differences of least-square means with a Bonferroni correction to specifically compare study periods within each broad category. Second, we used the above model to look at the effects of study period on diet within each season separately.
RESULTS
Abundance. (2000), Roemer et al. (2002) , and this study. Several of the exposed individuals were highly visible and unprotected (e.g., sleeping in leaf litter beneath a large tree).
Spatial resource use: habitat use.-At VA, individual-based compositional analysis indicated that habitat use and availability did not differ significantly in the wet season (n ¼ 13 skunks,
In the dry season, however, use did differ significantly from expected proportions (n ¼ 9 skunks, Ã ¼ 0.11, v 2 ¼ 20.20, d.f. ¼ 4, P , 0.001). Habitat preferences ranked (from most to least preferred) as (1) fennel-dominated habitats, (2) coastal sage scrub, (3) chaparral, (4) riparian, and (5) open grassland, with a significant difference between fennel-dominated and open grasslands. In contrast, chi-square analysis of pooled data indicated that habitat use by skunks and availability at VA differed significantly in both the dry (n ¼ 243 locations, v 2 ¼ 24.32, d.f. ¼ 4, P , 0.0001) and the wet (n ¼ 334 locations, v 2 ¼ 17.42, d.f. ¼ 4, P , 0.01) seasons (Table 5 ). In the dry season, consistent with the compositional analysis, skunks preferred fennel-dominated lands and avoided open grasslands. In the wet season, they preferred coastal sage scrub and avoided fennel-dominated areas.
Compositional analysis of data from WD revealed that patterns of habitat use contrasted markedly with those at VA. Habitat use differed significantly from availability in the wet
Habitat preferences ranked (from most to least preferred) as (1) open grasslands, (2) riparian, (3) chaparral, and (4) scree scrub, with a significant difference between chaparral and open grasslands. In contrast to the compositional analysis, the chisquare test indicated that habitat use by skunks and availability at WD differed significantly in the dry (n ¼ 180, v 2 ¼ 9.89, d.f. ¼ 3, P , 0.02) but not the wet (n ¼ 126, v 2 ¼ 7.69, d.f. ¼ 3, P . 0.05) season. In the dry season, skunks avoided scree scrub (Table 5) .
Temporal resource use. -In -2004 , variation in daily activity patterns by sex approached significance (F ¼ 2.66, d.f. ¼ 386, P ¼ 0.053; Fig. 3 ). Females were significantly more active than males in Daytime (t ¼ 3.06, d.f. ¼ 86, P ¼ 0.001, Bonferroni-corrected P , 0.05) and showed a trend toward a similar difference during Dusk (t ¼ 2.17, d.f. ¼ 86, P ¼ 0.033, Bonferroni-corrected P , 0.15). Although there was no main seasonal effect (F ¼ 0.34, d.f. ¼ 1,281, P ¼ 0.71), activity increased nonsignificantly in the dry season compared to the wet season during Daytime (21% versus 14%) and Dusk (38% versus 14%) and increased significantly during Nighttime (87% versus 82%; t ¼ 2.80, d.f. ¼ 1,281, P ¼ 0.005, Bonferroni-corrected P , 0.05). Females, specifically, showed a trend toward increased activity in the dry season during Daytime (t ¼ 2.64, d.f. ¼ 1,281, P ¼ 0.009, Bonferronicorrected P , 0.10) and Nighttime (t ¼ 2.62, d.f. ¼ 1,281, P ¼ 0.009, Bonferroni-corrected P , 0.10). Females did not vary significantly in their daily activity patterns during the wet season between 1992 and 2003-2004 (F ¼ 0.26, d .f. ¼ 2, 12, P ¼ 0.78; Fig. 3 ), nor did the differences for any time period approach significance (Dawn:
Diet.-Diets of skunks during 2003-2004 consisted of a very high occurrence of invertebrates, moderate occurrence of vertebrates, and low occurrence of plant matter (Table 6) . Jerusalem crickets (Stenopelmatus) were the most frequently occurring prey item. In addition to the 6 main categories of invertebrates found by Crooks and Van Vuren (1995) , other invertebrate orders were frequently identified, including Araneae, Scorpionida, Isopoda, Chilopoda, Diplopoda, and Hemiptera. Lizards dominated the vertebrate portion of the diet, but mice and salamanders were consumed as well. In addition, skunks were found to consume both lizard and bird eggs, which may not always be detectable in scats. Some plant matter was consumed in the dry season, including cheeseweed (Malva parviflora), Santa Cruz Island manzanita (Arctostaphylos insularis), and bur-clover (Medicago polymorpha), but plants generally represented a relatively small proportion of the contents of individual scats. There were no main effects of site or season on diet within the 3 broad food types (site Â food type:
There were overall main effects of both site and season on diet when considering the 11 specific food categories (site Â food type:
); yet, comparisons between sites and seasons for each specific food type yielded no significant differences (P . 0.05).
Compared with 1992, the diet of skunks appears to have both shifted and broadened, with significant changes within both specific and broad food types in both seasons (specific wet: v 2 ¼ 89.01, d.f. ¼ 10, P , 0.0001; specific dry: Table  6 ). There was a considerable decrease in the occurrence of vertebrates in the diet overall (wet:
, especially a decrease in mice in both seasons (wet:
, with a shift toward lizards as the predominant vertebrate prey. Although not significant, the occurrence of invertebrates also increased in both seasons (dry:
Increases occurred across all invertebrate orders in the wet season (several significantly so) and in Orthoptera and Dermaptera in the dry season. Finally, although skunks were completely carnivorous in 1992, they exhibited a low level of omnivory during the dry season in [2003] [2004] .
DISCUSSION
Capture success of spotted skunks on Santa Cruz Island increased at an approximately exponential rate from 1992 to 2004, totaling a 67-fold increase at an average annual growth rate of 38%. Our capture success for 2003-2004 was roughly 27 times the highest previously known for this species (1.4% Carroll 2000) and surpassed typical capture rates on the mainland of less than 0.1% (Verts et al. 2001 ) by more than 2 orders of magnitude. In addition, our density estimates (9-19 individuals/km 2 ) exceeded those for the island fox during its abundance in 1993 (approximately 7 individuals/km 2 - Roemer et al. 1994 ) and were very high relative to those for most carnivores (see Carbone and Gittleman 2002) . Although current elevated densities are consistent with ''density inflation'' common in island systems (MacArthur et al. 1972) , similar local densities have been observed on the mainland for the eastern spotted skunk, S. putorius (Kinlaw 1995) . The remarkable abundance of skunks during our study raises the possibility that intraspecific competition may have influenced resource use and availability. Island spotted skunks are sexually dimorphic in body size, more so than most other mephitids (Rosatte and Lariviere 2003; Wilson and Ruff 1999) . Our finding that weight of females did not differ seasonally, whereas that of males did, may reflect seasonal availability of prey and the cost of reproduction. Availability of insects, their predominant prey during [2003] [2004] , is likely to be greatest during spring and summer, when reproduction occurs. Perhaps males responded with increased weight, whereas females channeled any extra resources garnered into reproduction. Body size of skunks was not greater in 2003-2004 than in 1992. Indeed, there was a trend toward decreased weight, particularly in females; this suggests that per capita resource availability was not higher during 2003-2004 than in 1992, perhaps because of intense intraspecific competition resulting from density inflation.
Home-range size varied somewhat according to sex, site, and season; however, annual home-range size was large relative to other mammalian carnivores based on home-range-body-size allometry (Gittleman and Harvey 1982; Kelt and Van Vuren 2001) . Lower density at WD may have contributed to the larger home-range sizes compared with VA. In comparison with 1992, home-range size did not decrease with the increasing skunk density. Hence, island spotted skunks did not show the pattern exhibited by many insular species (MacArthur et al. 1972) , including island foxes (Crooks and Van Vuren 1995) , of compressed home ranges at high densities. Although home-range size and density are often negatively correlated (Sanderson 1966) , the former can be influenced more by resource availability than by density per se (Mares et al. 1982) . Thus, these results also suggest that the per capita level of resource availability has not increased dramatically relative to 1992, perhaps because of elevated intraspecific competition.
Den-site use has changed in several ways since 1992. We found decreased use of dens by multiple individuals, both simultaneously and sequentially; use of unprotected dens, which was common in 2003-2004 but not reported for 1992; and a shift in the distribution of den types used. Although island foxes also used unprotected sites (e.g., leaf litter under shrubs) for resting (Laughrin 1977) , the abundance of such sites suggests that their use by skunks was not due to a decrease in exploitative competition. Reduced den-sharing despite higher density of skunks also suggests that the use of unprotected dens was not a consequence of den-site limitation. However, release from interference competition may affect the types of den locations used, as well as patterns of den-sharing. Protection from predators or competitors may be a factor in den selection by spotted skunks (Crabb 1948) . S. gracilis on the mainland generally uses underground dens (Carroll 2000; Doty and Dowler 2006; Verts et al. 2001 ); these skunks have been shown to use aboveground dens in Texas but only within prickly pear (Opuntia) patches, probably because the spines of the dense cacti provide protection from larger carnivores equivalent to that of underground burrows (Doty and Dowler 2006) . Island spotted skunks may be particularly vulnerable when resting during the day to harassment or even predation by foxes, which are active both day and night (Crooks and Van Vuren 1995) . Skunks could reduce their risk by choosing protected dens or perhaps by denning together. Intraguild predation is common in Carnivora (Palomares and Caro 1999) , may influence the behavior and population dynamics of the inferior competitor (Holt and Polis 1997; Polis et al. 1989) , and is greatest between species with an intermediate difference in body size and extensive dietary overlap (Donadio and Buskirk 2006) , such as the island fox and island spotted skunk. Skunks may be attacked by foxes while sleeping or during chance encounters, resulting in death, injury, disruption of behavioral patterns (e.g., foraging or mating), spatiotemporal avoidance, or energetic losses from defense. Although a skunk has been observed successfully deterring an island fox through defensive posturing (Crooks and Van Vuren 1995) , killing of skunks by foxes has been documented on Santa Cruz Island (R. C. Wolstenholme, Institute for Wildlife Studies, pers. comm.).
The results of our habitat analysis were somewhat inconclusive, because habitat selection depended on the locality, season, and analytical method used. The variability in our results from [2003] [2004] suggests that although skunks may have sometimes used habitats out of proportion to their availability, they did so neither extensively nor consistently. Skunks used a wide variety of habitat types and appeared to be relatively generalized in their habitat use, although they were more likely to avoid relatively open habitats (open grassland and (Verts et al. 2001) , and our study is the 1st report of substantial daytime activity for this species; however, some of this activity may have been within dens. Although methodological differences prevented a direct comparison of daytime activity, our data may reflect a change since 1992. There did not appear to be a shift in temporal activity patterns for the other time periods, at least for females in the wet season. In 2003-2004, females were more active than males during the day and at dusk, potentially leaving them more vulnerable to predation by golden eagles, which prey upon spotted skunks (Roemer et al. 2002; Verts et al. 2001) . Skunks, particularly females, also were more active overall in the dry season, when young are present, perhaps because of tending of pups in dens and a pup-induced need for increased foraging.
Diet of the island spotted skunk both shifted and broadened compared to 1992. Although skunks remained primarily carnivorous, their diet shifted away from vertebrates to include more invertebrates and plant material, a diet more similar to that of the omnivorous island fox in 1992 (Crooks and Van Vuren 1995) . The diet broadened to include a number of new orders of invertebrate prey, as well as salamanders. Regarding vertebrates in the diet, there was a shift from deer mice to lizards, perhaps because mice were exceptionally abundant in 1992 (R. Klinger, Western Ecological Research Center, in litt.) , the year the drought ended. This shift suggests that island spotted skunks may be flexible in their diet and shift predation toward more abundant prey. Like mice, the lizards on the island are typically associated with woody vegetation or rocky areas (Schwenkmeyer 2006a (Schwenkmeyer , 2006b (Schwenkmeyer , 2006c , so their populations may have increased with island recovery. Therefore, the change in diets of skunks since 1992 could have resulted from competitive release, but it could also be explained by differences in prey availability or increased intraspecific competition for preferred food items.
The growth of the population of skunks on Santa Cruz Island was much greater than we initially anticipated. The magnitude of the increase casts doubt on the potential for island recovery to be the principal factor; although there has been significant change, vegetative regrowth is a long-term process that seems too gradual to account for such a sudden irruption in numbers of skunks. Modest shifts in habitat use, diet, and possibly diurnal activity from 1992 to 2003-2004 provide some support for release from exploitative competition as a contributing factor for the population increase. However, these shifts also could be explained by increased intraspecific competition or changes in resource availability associated with normal interannual variation. Furthermore, given the extent of the population increase, we would expect to see a much more dramatic change in 1 or more niche axes if release from exploitative competition were primarily responsible. Thus, although both factors have likely contributed to the recent increase in abundance of skunks, it is uncertain whether either alone can fully explain the striking population growth. The marked shift in den selection, however, toward frequent use of unprotected dens and away from multiple use, suggests that release from interference competition also may have been an important factor behind the dramatic increase in skunks. The competitive release hypothesis, whether via exploitative or interference competition, is further supported by parallel population dynamics on neighboring Santa Rosa Island, where skunk numbers also increased after a decrease in foxes (Roemer et al. 2002) ; although exotic livestock also were reduced on Santa Rosa Island, regrowth of woody vegetation was much more limited than on Santa Cruz Island (K. Chess, United States Geological Survey, pers. comm.).
The future of skunks on Santa Cruz Island is uncertain. The population of island foxes began recovering in 2002 (Coonan 2006 ) and tripled in size by 2006 (Vermeer 2006) ; if interspecific competition was an important cause of the former rarity of skunks, we would expect the skunk population to decline as recovery of foxes continues. It is possible that skunks may have been approaching or even exceeding carrying capacity during our study, as supported by a trend toward smaller body size and undiminished home ranges in 2003-2004 versus 1992 . In addition, the proportion of juveniles captured decreased during our study, from 24% in September 2003 to 5% in September 2004 (K. L. Jones, in litt.). Continued abundance of skunks may have implications for the island fox; with the density asymmetry reversed, it is possible that skunks have gained a competitive advantage that could slow recovery of foxes. A recovering population of island foxes may not be able to entirely suppress the population of skunks to its former levels, because even an inferior competitor may be able to reduce or eradicate populations of competitors if its numbers are high enough (Crowell and Pimm 1976) . The result may be a new equilibrium, especially considering the extensive vegetation changes associated with island recovery.
Despite the current elevated numbers of island spotted skunks on Santa Cruz Island, their conservation status is still precarious. The global distribution of this insular endemic carnivore is limited to only 2 islands, Santa Cruz and Santa Rosa. Indeed, because of their highly restricted distribution and relative rarity, Crooks and Van Vuren (1994) advocated uplisting of S. g. amphiala. This assessment is supported by preliminary results indicating that the island spotted skunk has genetically diverged from its mainland counterparts (C. H. Floyd, University of Wisconsin-Eau Claire, in litt.), and our results suggest that the insular form has potentially substantial ecological differences as well. The surprisingly rapid collapse of populations of island foxes on several of the California Channel Islands (Clifford et al. 2006; Coonan et al. 2005; Roemer et al. 2001) , including Santa Cruz and Santa Rosa, provides a stark warning of the dynamic nature of insular communities and warrants continued vigilance of the status of skunk populations.
